Pseudorabies virus survival was compared using three different types of applicator swabs in Eagle's minimum essential medium held under shipping conditions (packed with frozen gel packs) for up to 96 hours. Virus titer decay rates for dacron-tipped applicators were not statistically different from those of controls. Titer decay rates were statistically different from controls for cotton-and calcium alginate-tipped applicators. With the lowest input virus titer, virus was detectable up to 96, 72, or 24 hours after inoculation for dacron-, cotton-, and calcium alginate-tipped applicators, respectively. Dacron-tipped applicators were chosen to evaluate pseudorabies virus survival on tonsil swabs collected from experimentally challenged or contact control pigs to simulate field sampling and shipping conditions. Virus was still detectable in 20 of 24 swab samples after 72 hours in cell culture medium under shipping conditions. From the
Pseudorabies virus (PRV) causes neurologic, respiratory, and reproductive disease in swine. Respiratory disease is most prevalent in growing and finishing age pigs. PRV-infected grow-finish pigs may develop bacterial pneumonia as a result of secondary infection with Actinobacillus pleuropneumoniae, Pasteurella multocida, or possibly Salmonella cholerasuis. Secondary bacterial pneumonia may occur as a result of damage of specific cell-mediated immune functions by PRV. 6 PRV can persist in swine herds for years after the original outbreak in latently infected adults and by continuous infection of susceptible swine. Newly introduced breeding stock and on-site-developed growfinish pigs can become infected and can shed virus to other susceptible swine in the herd. Transmission from older infected pig to younger susceptible pig has been shown to continue for years in farrow-to-finish herds and is more likely in herds of ≥250 sows. 11 The continual infection of new young susceptible swine by PRV has been incriminated as a cause of endemic bacterial pneumonia problems of grow-finish pigs. 8 It can be difficult to confirm PRV as the causative agent of endemic bacterial pneumonia in finishing pig herds. Collection of serum samples from different age groups of pigs at a single time (titer profiling) only provides a presumptive diagnosis. Collection of samples from the same pigs for paired serology or for cohort serologic surveys provides more information as to the exact time of PRV infection relative to the occurrence of pneumonia; however, cohort serologic studies take months to complete and multiple trips to the herd. Factors that must be considered when attempting to determine the time of PRV infection by cohort serologic studies of pneumonic pigs include 1) the time to initial seroconversion after infection for each serologic assay and 2) possible effects of virus exposure dose on time to initial seroconversion. Isolation of PRV from clinically ill pigs provides the most definitive proof of the association of the virus with endemic pneumonia problems in infected herds.
Isolation of PRV in tonsil swab samples from clinically ill grow-finish pigs may be more economical and acceptable to producers than sacrifice of affected pigs to collect tissue samples for culture. Optimal conditions for shipment and survival of herpes simplex virus and other viruses for routine isolation from swabs of clinical samples have been reported and compared. 1, 9, 14 However, the ability of PRV in swab samples to survive shipping conditions has not been reported. The purpose of this study was to 1) compare the survival of PRV on 3 types of commercially available swabs and 2) determine the survival of PRV in the best type of swab when used to collect tonsilar scrapings and held under shipping conditions for 72 hours.
Materials and methods
Virus. Iowa 4892 strain PRV was used as challenge virus. Cells. Vero cells in modified Eagle's medium (MEM) with 10% newborn calf serum, L-glutamine (292 &ml), penicillin (100 U/ml), streptomycin (100 µg/ml) (or gentamicin, 250 µg/ml, for tonsil swab sample titrations), and amphotericin B (0.25 µg/ml) were used to grow PRV stock and perform virus titrations.
Swabs. Sterile applicator swabs with calcium alginate fiber on a plastic shaft, a cotton fiber on a wooden shaft, b and dacron fiber on a plastic shaft b were compared. Swabs were inocu-lated by wetting in virus solutions of either 10 4.75 or 10 2.75 TCID 50 PRV/0.1 ml in MEM with no calf serum. The inoculated swabs were placed into sterile plastic snap-cap tubes containing 1.0 ml MEM with L-glutamine without calf serum, 2 swabs/tube. Four tubes were prepared for each swab type for each incubation period to be tested. Tubes with MEM and inoculated swabs were wrapped as a unit in paper and placed between frozen (-20 C) ice packs in a Styrofoam shipping box for 24, 48, 72, or 96 hr. Control virus swabs were obtained by collecting samples for titration at each time point from the original virus solutions held at 4 C.
Pigs. Nine PRV-free 10-wk-old pigs were purchased and divided into 3 groups. Two groups were challenged intranasally with 10 6.5 or 10 4.5 TCID 50 PRV. The third group served as contact controls penned between the challenge groups.
Sample collection. Tonsil swabs were collected from all pigs on days 0, 3, 6, and 9 postinfection and day 12 for contact control pigs. Four dacron-tipped plastic swabs were used simultaneously to scrape the tonsils of each pig on each collection day. The 4 swabs were placed individually into 1 ml of MEM in plastic snap-cap tubes. Three of the tubes with swabs from each collection were immediately placed into a single Styrofoam shipping box between a pair of frozen (-20 C) gel packs. The remaining swab from each collection was titrated immediately. The other tubes were removed from the shipping box at 24, 48, or 72 hr after collection for virus titration. The shipping box was held at room temperature.
Virus titration. The titer of PRV from each swab collected was determined using standard methods. 5 For both titration procedures, medium was squeezed out of the swabs after centrifugation at 1,000 x g for 10 min. Titrations were performed in duplicate from each sample tube, and 4 wells were inoculated for each dilution on 96-well microtiter plates. The PRV titer was calculated by standard methods. 5 The data were plotted as surviving virus titer vs. time. The intercepts and slopes of the predicted decay rate lines for the 3 different swab types and control samples were compared using linear regression. 7, 12 Tests to determine whether the intercepts of the decay rate lines were the same and to determine whether the slopes of the lines were the same were performed. Statistical significance was set at an alpha level of ≤0.05.
Results
PRV survival on 3 different types of swabs in cell culture medium at 4 C was evaluated. The raw PRV titers and predicted least-squares regression line over time are displayed in Figs. 1 and 2 for the 4 swab types impregnated with 10 4.75 TCID 50 /0.1 ml or 10 2.75 TCID 50 / 0.1 ml, respectively. Virus was detectable after 96 hours of storage from all 3 types of swabs impregnated with 10 4.75 TCID 50 ./01 ml PRV. The slopes of the predicted regression lines were -0.0088, -0.0114, -0.0219, and -0.0292 for controls, dacron, cotton, and calcium alginate, respectively. There was no significant difference between the slopes for controls and dacron nor between cotton and calcium alginate (Tukey's studentized range, minimum significant difference = 0.008). There was a significant difference between the control and dacron slopes vs. cotton and calcium alginate slopes (Tukey's studentized range, minimum significant difference = 0.008). There was greater than a 2.0 log 10 difference in surviving virus titers between different types of swabs at 96 hours of incubation, but there was no significant difference between their predicted O-hour virus titers (Tukey's studentized range, minimum significant difference = 0.4514). Virus was only detected from dacron swabs after 96 hours of storage following impregnation in 10 2.75 TCID 50 /0.1 ml PRV. Virus was detected from similarly treated cotton swabs up to 72 hours after impregnation and only for 24 hours from calcium alginate swabs. The slopes of the regression lines predicted were -0.0146, -0.0146, -0.0198, and -0.0094 for controls, dacron, cotton, and calcium alginate, respectively. There was no significant difference between the slopes for controls and dacron swab virus titer decay rates. Control and dacron swab decay rates were significantly different from cotton and calcium alginate swab rates, which were also significantly different from each other (Tukey's studentized minimum significant difference = 0.0048).
range,
Virus was detected in 24 of 30 tonsil scrapings collected using dacron swabs from the 12 experimentally infected or exposed pigs (Table 1) . PRV virus titers at collection ranged from not detectable to 10 5.0 TCID 50 / 0.1 ml. PRV titers after 72 hours of storage on ice packs ranged from undetectable to 10 4.5 TCID 50 /0.1 ml. Virus was still detectable in 20 of 24 swab samples after 72 hours in cell culture medium stored on ice packs.
Discussion
The present study evaluated the ability of 3 different swab types to preserve PRV infectivity under standard shipping conditions. No significant difference was found for the rate of virus titer decay in dacron swabs as compared with controls, but virus infectivity decreased at a significantly greater rate in cotton and calcium alginate swabs. Infectious bovine rhinotracheitis (IBR) virus in an MEM suspension with shredded cotton swab material retained 64.4% of the infectivity of control virus suspension after 96 hours of incubation at 4 C. 4 However, shredded calcium alginate totally inactivated IBR virus in suspension after only 6 hours of incubation. Herpes simplex virus-2 (HSV-2) decay curves were similar to those of control virus solution for shredded rayon, cotton, dacron, and polyester swab materials in MEM after 72 hours at 4 C. 3 No HSV-2 was detectable in MEM suspension with shredded calcium alginate after 48 hours of incubation at 4 C.
In the present study, PRV survival was best for experimental samples collected and stored using dacron swabs with plastic shafts. Previous experience found plastic shaft swabs were less likely to break while scraping the pig's tonsils. Therefore, dacron tipped plastic shaft swabs were selected for evaluation of PRV survival from clinical samples under standard shipping conditions. In this study, PRV was detected at the time of collection in 80% of tonsil swabbings. Of these samples, 83.3% had detectable amounts of PRV after 72 hours of storage on ice packs. These results are superior to those of a previous study of isolation rates for HSV from clinical samples collected with cotton or calcium alginate swabs stored for 48 hours at 4 C. 2 Almost no HSV was isolated from clinical samples held with calcium alginate swabs for 48 hours at -20 C or 4 C. No attempts to evaluate virus decay rates over time from these clinical specimens were reported. Another study using commercial transport medium for HSV isolation from clinical samples reported isolation rates of 27.9. 31.2%. 1 A critical factor for successful antemortem isolation of PRV from field cases of grow-finish pig disease is proper selection of animals for sampling. PRV is shed from the animal almost immediately after infection 10,13 The pig's body temperature rises early during the course of disease, but clinically obvious signs may not be observed until 5-7 days after experimental infection (MBM, personal observations). As clinical signs develop, the pig's body temperature may return to within normal (<40 C) limits. Because the ability to isolate virus is lost approximately 10 days postinfec- Table 1 . PRV titer* in swabs used to scrape tonsils of experimentally PRV-challenged pigs at the time of collection and after storage on ice in a Styrofoam container for 72 hr. tion, many clinically ill animals may not be identified as infected with PRV by tonsil swab samples. Therefore, collection of tonsil swab samples with dacron swabs from multiple febrile pigs (≥40 C) showing no or only early signs of disease should yield the best results from field cases of PRV infection.
